In African savannas and many other rangelands around the world, wildlife presently find themselves interacting with livestock. Many studies have been conducted on vigilance behaviour in response to presence of predators but few scientists have included the presence of livestock and how this affects vigilance when foraging together with wild herbivores. As the Ngorongoro Conservation Area (NCA) is an important example for wildlife grazing together with livestock this phenomenon must be understood to achieve a sustainable land use management plan. Behavioral observations of wildlife and livestock species were conducted from a vehicle driving along transects within NCA. Four wild herbivore species including plains Zebra (Equus burchelli), Thomson's gazelle (Gazella thomsonii), Grant's gazelle (Gazella granti) and Wildebeest (Connochaetes taurinus). We assessed behavior classified as feeding, grooming, laying down, ruminating, grooming, moving, and looking with head up (vigilance) with the use of the focal animal sampling method. Wild herbivores were observed either with or without livestock species, i.e., cattle (Bos taurus), goats (Capra aegagrus hircus) and sheep (Ovis aries), over two different seasons. Out of 158 groups in total, 47/49 non -mixed groups (without livestock) and 30/32 mixed groups (with livestock) were recorded during the dry/wet season, respectively. Results shows that wildlife decreased their foraging time while they increased vigilance behavior when livestock were present in unprotected land with presence of herder unlike in protected land. Therefore, we conclude that the presence of livestock does not seem to be beneficial for wild herbivores and that protected areas where pastoralists cannot access are important.
Introduction
Rangelands across the world have been a home to millions of people with their livestock interacting with wildlife over the last centuries (Tyrrell, Russell, & Western, 2017) . Today, more than 90% of the mammal biomass on the earth consists of people with their livestock, and this proportion is still increasing (Thornton, 2010; Bar-on, Phillips, & Milo, 2018) . Rangelands have created a complex set of conservation challenges globally and, for example in African savannas, wild herbivores strongly interact with livestock on a daily basis (Ogutu, Piepho, & Said, 2011; Riginos et al., 2012; Lind et al., 2013; Veblen et al., 2016) . The presence of livestock in rangelands can negatively affect native wild ungulate foraging due to competition (Ruckstuhl, 2006) . Furthermore, overlap it the use of forage can lead to behavioural changes in wildlife by altering their activity budgets (Kie, 1995; Ruckstuhl, 2006) . Also, wild herbivores have often been regarded as competitors to livestock by altering the behavior and productivity of the latter (Zimmermann et al., 2009; Atickem, et al, 2010; Riginos et al., 2012) .
herbivores (Atickem & Loe, 2013; ; Patton, Dong, Nyren, & Nyren, 2007 ; Leeuw et al., 2001; Odadi, Okeyo-owuor, & Young, n.d) , only few scientists have investigated how the presence of livestock affects vigilance when foraging together with wild herbivores.
As Ngorongoro Conservation Area is a multiple land use where wild and livestock grazing together, this phenomenon must be understood to achieve a sustainable land use management plan in the long run in Ngorongoro Conservation Area as well as in other protected areas. This study investigated whether wild herbivores change their behavioural activities (grazing, vigilance) when livestock and herders are present on their foraging grounds and whether this behaviour changes with season and location. We expected that wildlife would benefit from foraging in association with livestock in terms of time devoted to feeding. We assessed whether wildlife was more or less vigilant when grazing together with or in the vicinity of livestock through behavioural scan observations
Methods

Study Area
This study was conducted in the Ngorongoro Conservation Area (NCA) in northern Tanzania (3°14'29.56"S and 35°29'16"E ( Figure 1 ). Ngorongoro Conservation Area was selected for this study due to the fact that it is a multiple land use area for wildlife, people and their livestock and a UNESCO World Heritage Site (Melita, 2014) . The presence of pastoralists in NCA, who have coexisted with wildlife in this area for more than 200 years has led to year-long interactions between humans, wildlife and livestock (Homewood & Rodgers, 1991) .
Figure 1. Study area map
The main economic activities in the Ngorongoro Conservation Area are livestock keeping and tourism (Melita, 2014 (Odadi, 2012) All of these species have been observed to sometimes associate with livestock in Kenyan rangelands (Odadi, 2012) . This world's largest volcanic caldera (Ngorongoro Crater) is 260 km 2 large, with an altitude range between 1,700 masl and 2,235 masl, between the crater floor and the rim, respectively (Gaidzik, 2011) . The climatic zones vary from semi-arid to montane forests, and annual precipitation ranges from 500 mm to 170 0mm, which leads to temperature fluctuations between 2°C and 35°C (Masao, Makoba, & Sosovele, 2015) . Average annual temperatures vary between 14°C to 25°C, the crater floor part has higher temperatures compared to the rim (Masao et al., 2015) . Also the presence of grassland and water (lakes and rivers) used by wild herbivores has made the area very latent.
Behavioral Observations
Behavioral observations of wild and domestic mammalian herbivore species were conducted from a vehicle driving along existing roads at 10 km/h (Tyrrell et al., 2017) within NCA. Once a wildlife group (i.e., more than five animals) was sighted the vehicle was stopped and sighting information was recorded. The distances from the observer to a group ranged from 50m to 100m, according to recommendations by Kluever et al., (2008) ; Robinette & Ha, (2001) . However, in the Ngorongoro crater, i.e., the core protection zone with wildlife species only, these distances was less than 50m. After 3 minutes of habituation we recorded species and number of animals in the group, and whether livestock was associated with the wild animals. Groups were recorded between May to August 2018, i.e., the end of the wet until the middle of the dry season to cover potential differences in behavior across seasons. During direct observations, binoculars and camera-recordings were used as well as a stop watch. Distance was recorded using a laser rangefinder (Leica) and coordinates taken by a hand held GPS (eTrex). In order to avoid pseudo-replication we avoided recording similar groups in the vicinity of the first recorded group (Buckland, 2001) . Behavior was classified as (1) foraging, (2) grooming, (3) resting, (4) ruminating, (5) grooming, (6) moving, (7) looking with head up (vigilance) (Hariohay, Jackson, Fyumagwa, & Røskaft, 2018) . However, in the further analyses, we tested only vigilance and foraging behavior. The focal animal sampling method was used (Altmann, 2014) . Four dominant wild herbivore species that were frequently seen together with livestock in Kenya (Odadi, 2011) were selected for observations, i.e., plains Zebra, Thomson's gazelle, Grant's gazelle and wildebeest, while the livestock species included cattle, goats and sheep. Only adult individuals were observed and females with calves and juveniles were avoided because they might be more vigilant by default (Shorrocks & Cokayne, 2005) . Also, cars and people that passed the vehicle on the road during the observation were recorded as they might have influenced behaviour. Factors that might have affected vigilance were determined livestock presence (at a nearest neighbor distance of 100 m from the randomly selected focal animal) (Kluever et al., 2008) and presence of female / male herder. An animal was considered vigilant when the head was raised above the shoulder level and it appeared to be looking around (Shorrocks & Cokayne, 2005; Pe´riquet et al., 2010) . Observations were taken over a minimum of a 30-minutes per group, during which the focal animal's behavior within a group was recorded every 1 minute (Kluever et al., 2008) . The observation periods fell between 08:00 and 18:00 hours over two months during the wet season and two months during the dry season.
Statistical Analyses
We performed statistical data analyses using R Package 3.5.5. We generated Wilcox tests to test difference in mean foraging time and vigilance time between groups with or without livestock during wet and dry seasons, as well as inside and outside the crater. Also multivariate analyses were performed in order to test the relationship between variables including the presence of herders and groups with livestock in different season. Statistical significance was set at P < 0.05
Results
Out of 158 groups recorded 47 non -mixed groups (without livestock) and 30 mixed groups (with livestock) were observed in the dry season, while, during wet season 49 non -mixed groups and 32 mixed groups were observed. Average group size was 41 individuals during the wet and 24 during the wet season. The numbers of focal wild herbivores recorded in groups without livestock during wet season were 112 while during dry season 81 focal wild herbivores were recorded. Wild herbivores recorded in groups with livestock during wet season were 42 focal wild herbivores, while during dry season were 37 focal wild herbivores. Therefore, the total number of focal wild herbivores observed during both seasons in groups with or without livestock were 272.
Mean Foraging Time
The foraging time compared was on the wild herbivores outside crater associated with livestock and wild herbivores inside crater without livestock. Outside crater there were few mono-specific wildlife groups, that is why were not included in statistical analysis Generaly, the mean foraging time was significantly higher within the crater, that was about twice as high than that outside the crater during wet seasons (W = 1887.5, n = 112, P < 0.001; Figure 2 ) while it was only by ¼ higher in the crater than outside during dry season (W = 1050.5, n = 81, P = 0.01144, Figure 2 ). Generaly, the mean vigilance time was significantly higher outside the crater, that was about twice as high than that within the crater during wet seasons (W = 347.5, n = 112, P < 0.001; Figure 3 ) while it was only by ¼ higher in the crater than outside during dry season (W = 355.5, n= 84, P 0,001, Figure. 3). 
Wildebeest
Foraging time of Wildebeest was significantly higher in groups without livestock than in groups with livestock species during both the wet and dry season, respectively (W = 56.5, n = 42, P = 0.0097; and W =7.5, n =23, P = 0.0409 ( Figure.4 ). Vigilance time of wildebeest was significantly higher in mixed group including livestock species than in nonmixed group during wet season (W = 236, n = 38, P = <0.001), while vigilance time of Wildebeest was not significantly different between non-mixed group and mixed group during dry season (W = 33, n =23, P = 0.7515, Figure 8 ).
Zebra
Vigilance time of Zebra was significantly higher in mixed group (with livestock) than in non-mixed group (without livestock) during wet season (W = 214.5, n = 35, P = 0.00155), while vigilance time of Zebra was not significantly different between non-mixed (without livestock) group and mixed group (with livestock) during dry season. (W = 417.5, n = 53, P = 0.3182, Figure 9 ).
Grant Gazelle
Vigilance time of Grant Gazelle was not significantly different in mixed including livestock species and non-mixed group during wet season (W = 110, n = 32, P = 0.6422) while vigilance time of Grant Gazelle during dry season was higher in mixed group than non-mixed group. However, the different was not significantly different (W = 41.5, n = 18, P = 0.3873, Figure 10 ).
Thomson's Gazelle
Vigilance time of Thomson's gazelle was significantly higher in non-mixed group than mixed group during wet and dry season. However, the different was not significant (W = 198, n = 45, P = 0.7918; and W = 23.5, n = 24, P=0.182 respectively (Figure 11 ).
Protection Status Determining Foraging and Vigilant Time
We used a linear regression analysis to analyze the foraging and vigilant time of four wildlife species (Zebra, Wildebeest, Grant Gazelle and Thomson's gazelle) in relation to protection status. Vigilance and foraging time as dependent variables and then included protection status i.e presence of herder males and herder females as independent variables, group type (with or without livestock) and season. For wildebeest, neither the presence of male herders (t = -0.085, P = 0.9323) nor that of female herders (t = -0.108, P = 0.9146) significantly influenced foraging time. The presence of livestock significantly reduced foraging time during the dry (t = -2.126, P = 0.0376) but not during the wet season (t = -1.496, P = 0.1398) ( Table  1) . The presence of male herders also increased vigilance time significantly (t = 2.194, P = 0.03208) while the presence of female herders did not (t = 0.906 P = 0.36844) (Table 2) For Zebra, the presence of herder males (t = 1.100 P = 0.27432) or herder females (t = 0.486, P = 0.62820) did not significantly contribute in explaining the variation in foraging time, however presence of livestock during wet season (t = -2.761, P = 0.00708) did significantly contribute in explaining the foraging time of Zebra. On the other hand, during dry season the presence of livestock (t= -0.979, P = 0.33026) did not add any significance in explaining the foraging time of Zebra (Table 3) . Also the presence of herder males (t = -1.335, P = 0.18548) or herder females (t = -1.483, P = 0.14184) did not significantly contribute to explain the vigilance time of Zebra, while the presence of livestock in both seasons (t = 2.648, P = 0.00966) and (t = 2.185, P = 0.03168) were significantly contributors to explain the variation in Zebra's vigilance time (Table 4) . For Grant Gazelle, the presence of herder males (t = 0.982, P = 0.331) did not significantly contribute in explaining the variation in foraging time while the presence of herder females (t = -2.022, P = 0.049) contributed significantly in explaining this variation in the foraging time. Further, the presence of livestock during wet and dry season (t =-1.444, P = 0.155) and (t = -0.097, P = 0.923) respectively, did not significantly contribute in explaining the variation in foraging time of Grant Gazelle (Table 5 ). Also the presence of herder males (t = 1.346, P = 0.18491) and herder females (t = -1.025, P = 0.31052) did not significantly contribute in explaining the variation in the vigilance time of Grant Gazelle, as well as the presence of livestock in both seasons (t = 1.260, P = 0.21385) and (t = 0.242, P = 0.80969) did not contribute significantly in the explanation of variation in Grant Gazelle's vigilance time (Table 6) For Thomson's gazelle the presence of herder males (t = -0.293, P = 0.770) or herder females (t = 0.972, P = 0.335) did not significantly contribute in explaining the variation in foraging time. Further, the presence of livestock during wet and dry season (t = 1.460, P = 0.149) and (t = -0.185, P = 0.854) respectively, did not significantly contribute in explain the variation in foraging time of Thomson's Gazelle (Table 7) . Also the presence of herder males (t = 0.210, P =0.834) or herder females (t = 0.099, P = 0.922) did not significantly contribute in explaining the variation in the vigilance time of Thomson's gazelle, as well as the presence of livestock in both seasons (t = -0.501, P = 0.618) and (t = -0.826, P = 0.412) ( 
Discussion
Foraging Times with or without Livestock
In our study, both during the wet and dry season the proportional foraging time devoted by wild herbivores increased when the wild mammalian herbivores foraged without livestock. This may have been influenced the presence of protective herders (Young, Palmer, & Gadd, 2005) , which we also found in our study. However, we found that foraging behavior also differed between species, across the areas of different protection and across season as supported by the study conducted by Dunham, (1982) .
Vigilance between Species in Groups with or without Livestock in Different Season
From our study the vigilance time devoted by wild herbivores in both seasons decreased in groups without livestock but increased in groups associated with livestock. This was contracting to the study conducted by Kluever, et al, (2008); Pe´riquet, et al, (2010) and Mclaren, (2014) who showed that herbivores associated with other species (wildlife) gained a vigilance advantage, that mixed-species herds provided a relatively unexplored opportunity to tease apart the effects of dilution, whereby individual herding with other species displayed lower frequency of vigilance than when herding only. In mixed groups of livestock and wild herbivores, as well groups without livestock, the behaviors of individuals were different in Ngorongoro rangelands, where wild herbivores spent more time on foraging in group without livestock than when associate with livestock in Ngorongoro rangelands. Wildlife also spent more time foraging within the crater than outside the crater (in village land and along crater rim) even though when not associated with livestock. This is because there is abundant forage within the crater. Also, the presence of these different factors might influence whether wild herbivores are vigilant rather than concentrating on foraging (Fritz et al. 2002; Crosymary et al, 2002) . The results revealed that all four wild herbivores were more vigilant in both seasons when associated with livestock, although it was not significant in all cases.
Foraging and Vigilance Behavior of Wild Herbivore in Crater in Different Season
In the crater wild herbivores spent more time foraging because they were not associated with livestock. Previously, (before 2016) Maasai were allowed to graze their livestock in the crater but since 2016 they are not allowed to graze and lick salt in that area. Hence the increase in proportional time of wild herbivores of foraging was due to lack of disturbance from livestock. Despite the fact that in crater there were many tourists and cars wild herbivores were still very comfortable (Personal observation, 2018) and the proportional time of vigilance and other activities were minimized, as instead they increased the proportional time of foraging. Therefore, our study provide these information as Ngorongoro Conservation Area Authority (NCAA) and other policy makers may use them during preparation of land use planning in other conservation areas.
Protection Status Determining Foraging and Vigilant Time
The result revealed that the level of protection has an influence on vigilant time of wildlife species that, the group which was herded by males, Wildebeest was more vigilant than the group which was herded by females.
This was contradicting to the study by Young et al., (2005) that wildlife do keep their distance from individuals herded by protective herders. In NCA wildlife do not keep distance from them but the result shows that Wildebeest increase the time of vigilance while other species did not do this may be due to the fact that Wildebeest mostly associate with cattle and they were herded by males. However, Zebra increased vigilance when associated with livestock in both seasons. Thomson's gazelle and Grant Gazelle did not increase the vigilance time which may be due the fact that Thomson's gazelle and Grant Gazelle were mostly associated with shoats which were mostly herded by females. Therefore, this justifies that the protection status may determine the level of vigilance time and that male herders are more protective compared to females.
Conclusion
Our study illustrates how livestock behaviourally influence wild herbivores especially with regard to foraging and vigilance behavior. In case of NCA, the multiple land use makes it difficult to separate Maasai from conservation, Maasai may continue to utilize other areas for their livestock use but leave out the Crater for the use of wild herbivores only. This is because inside the crater wild herbivores have more time to forage instead of being vigilant. This may lead to the increase of the population of wild herbivores inside the crater (Arsenault, R., & Owen-smith, 2010) and maintain the status of NCA as a source area, while outside the crater the area might serve as Zink.
